C 19 H 24 ClNS 2 Sn, triclinic, P1 (no. 2), a = 10.1894(1) Å, b = 14.0236(2) Å, c = 14.5114(2) Å, α = 91.070(1)°, β = 96.997(1)°, γ = 98.222(1)°, V = 2035.59(5) Å 3 , Z = 4, Rgt(F) = 0.0211, wR ref (F 2 ) = 0.0556, T = 100(2) K.
: Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ).
Atom
x y z U iso */Ueq Sn1 0.29681 (2) 0.50913 (2) 0.20104 (2) 0.01305(5) Cl1 0.20862 (5) 0.58071(4) 0.05728(3) 0.01851(11) S1 0.51360 (5) 0.54532(4) 0.14276(4) 0.01681(11) S2 0.48866 (5) 0.44108(4) 0.31606(4) 0.01597(11) N1 0.72222 (16) 0.49820 (12) slowly until a colourless precipitate was formed. The precipitate was recrystallised from its acetone-methanol solution.
The title compound was a side-product/incomplete reaction product obtained from the slow evaporation of the solvent. Yield 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.95-1.00 Å) and refined as riding with U iso (H) = 1.2-1.5Ueq(C).
Comment
Molecules/complexes of the general formula R 2 Sn (S 2 CNR′R′′)Cl have been the subject of structure determinations by both X-ray crystallography and computational chemistry for nearly 20 years [5, 6] . These studies showed that tin-ligand parameters were sometimes influenced significantly by the crystalline/solid state environment, often leading to non-systematic variations that were not evident in their calculated gas-phase structures. Interest in this area continues [7, 8] and indeed, there are now over 70 mononuclear species of this type in the crystallographic literature [9] . Herein, a new derivative, Ph 2 Sn[S 2 CN(i-Pr)n-Pr]Cl, (I), is described, which was synthesised in the context of evaluating the biological potential of organotin dithiocarbamates [10] . The molecular structures of the two independent molecules comprising the asymmetric unit of (I) are shown in the figure (70% displacement ellipsoids). The tin atom in each molecule is penta-coordinated by two ipso-carbon atoms of the phenyl groups, a chloride and two sulphur atoms derived from an asymmetrically chelating dithiocarbamate ligand. The asymmetry in the Sn-S bonds [Sn1-S1, S2 = 2.4501(5), 2.7049(5) Å and Sn2-S3, S4 = 2.4622(5), 2.7058(5) Å] is reflected in the magnitude of ∆(Sn-S) = (Sn-S long -Sn-S short ) = 0.25 and 0.26 Å, respectively. There is a small disparity in the Sn1-Cl1 [2.4591(5) Å] and Sn2-Cl2 [2.4534(5) Å] bond lengths. The asymmetric mode of coordination of the dithiocarbamate ligand influences the C-S bond lengths with the C-S bonds associated with the more tightly bound sulphur atoms [C1-S1 = 1.745(2) Å and C20-S3 = 1.752(2) Å] being longer than the C-S bonds involving the less tightly bound sulphur atoms [C1-S2 = 1.722(2) Å and C20-S4 = 1.712(2) Å]. Typically for dithiocarbamate ligands [11] , the relatively short C1-N1 [1.319(3)] and C20-N2 [1.322(3) Å] bond lengths are indicative of significant contributions of the dithiolate, − S 2 C=N + (i-Pr)n-Pr, canonical form to the electronic structure of the ligand.
The resulting C 2 ClS 2 donor set is highly distorted and this is seen in a quantitative measure of a five-coordinate geometry, i.e. τ [12] . For an ideal square-pyramidal geometry, τ = 0.0 whereas for an ideal trigonal-bipyramidal geometry, τ = 1.0. In the present study, the values of τ compute to 0.49 and 0.58 for the Sn1 and Sn2 atoms, respectively. The distortions arise partly to the acute chelate angles: S1-Sn1-S2 [69.663(16)°] and S3-Sn2-S4 [69.447(16)°] as reflected, for example, in the trans Cl1-Sn1-S2 [154.209(16)°] and Cl2-Sn2-S4 [154.996(18)°] angles. The molecular structures described herein conform to the motif always seen for mononuclear molecules/complexes of the general formula R 2 Sn(S 2 CNR′R′′)Cl [10] .
The molecular packing is largely devoid of directional points of contact between atoms/residues [13] , with the exception of methyl-and phenyl-C-H· · · π(phenyl) interactions [C6-H6c· · · Cg(C8-C13) i : H6c· · · Cg(C8-C13) i = 2.93 Å, C6· · · Cg(C8-C13) i = 3.784(2) Å with angle at H6c = 146°and C36-H36· · · Cg(C27-C32) ii : H36· · · Cg(C27-C32) ii = 2.68 Å, C36· · · Cg(C27-C32) ii = 3.489(3) Å with angle at H36 = 143°f or symmetry operations (i) 1 + x, y, z and (ii) 1 − x, −y, 1 − z]. Each of these interactions occurs between likemolecules. In the case of the Sn1-molecule, the result of these contacts is the formation of a linear supramolecular chain along the a-axis direction. For the Sn2-molecule, the specified interaction leads to a centrosymmetric dimer. The dimers stack in columns parallel to the chains. Globally, the crystal comprises alternating layers of chains and dimers stacked along the b-axis.
A further analysis of the intermolecular connectivity was performed by evaluating the calculated Hirshfeld surfaces using Crystal Explorer 17 [14] following literature procedures [15] ; the full and decomposed two-dimensional fingerprint plots were also calculated. There are four dominant contacts to the Hirshfeld surface for the entire asymmetric unit in (I), namely H· · · H [55.5%], H· · · C/C· · · H [23.9%], Cl· · · H/H· · · Cl [9.2%] and S· · · H/H· · · S [8.7%] but, generally beyond the sum of the respective van der Waals radii. A recent study [16] emphasised how different molecules/complexes comprising the asymmetric unit could present different percentage profiles depending on the intermolecular interactions they form. Accordingly, each of the Sn1-and Sn2molecules/complexes in (I) were analysed separately. Not surprisingly, the same major contributions are evident but, in different percentages, i.e. H· · · H [59.1% for the Sn1-molecule and 52.8% for the Sn2-molecule/complex], H· · · C/C· · · H [23.5 and 24.6%], Cl· · · H/H· · · Cl [9.0 and 8.3%] and S· · · H/H· · · S [7.1 and 10.6%]. Thus, small differences between the independent molecules are seen in the percentage contributions for the H· · · H and S· · · H/H· · · S contacts. Further, for the Sn2molecule, C· · · C contacts amounts to 2.3% of the Hirshfeld surface contacts compared with 0.2% for the Sn1-molecule complex.
